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LONG-TERM GOAL

Evaluationandimprovementof adaptve obsenationtechniqueghataim atimproving weatherfore-
castsn therange0-5dayswith aparticularfocuson severeweatherevents.

OBJECTIVES

A) attendworkshopon predictability April 23—25,Monteregy CA
B) attendTHORPEXplanningmeeting,April 26—27,Monterg/ CA
C) attendDRI predictabilityworkshop May 3—-4,Boston,MA
APPROACH

Predictability workshop, Monterey: The purposeof the predictabilityworkshopin Montergy was
to summarizecurrentknowledgeandto identify openquestions. Chuck Leith gave a review talk
summarizingthe history of predictability He focussedn estimatef predictability obtainedfrom
turbulencetheory The meetingcomprisedsessionon (1) characteristicof initial perturbations
thatinfluencepredictability (facilitated by Jef Anderson),(2) rate of perturbationgrowth for vari-
ousfields (facilitatedby Martin Ehrendorfer)(3) characteristiccalesandscaleinteractionof error
growth (facilitatedby Dave Baumhefner)(4) mechanismsf error growth (Isla Gilmour), (5) model
error (facilitated by Dave Stensrud),(6) ensemblegenerationand utilization (facilitated by Steve
Tracton),(7) optimizationof observingstratgiesandtargeting (facilitated by Rolf Langland),(8)
definition of meaningfulNWP goals (facilitated by Ron Errico). A summarypaperof this work-
shopwill be published.Ron Errico is writing a first draft which will be circulatedto all workshop
participantgor input.

In sessionl, the necessityto constraininitial perturbationsn probalisticforecastsvasdiscussed.
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We know little aboutthe slow manifold for realisticNWP models,especiallyaboutbalancesn the
physicalprocessesuchascornvection. This limits our ability to formulateappropriateconstraints.

Thequestionwasraisedwhethertherearetechnique®f samplingtheinitial pdf which areespecially
suitablefor probabilisticforecastof “extremeevents”. In thediscussionseveraldifferentdefinitions
of “extremeevents”werecollected: (i) a severeweatherevent,e.g. a stormcausingcasualties(ii)
rareeventwith respecto climatology (iii) unlikely eventgiventheinitial pdf, (iv) aneventin which
extremelimits of themodelphysicsareencounteredT heoptimalstratey of probabilisticforecasting
will dependbn theadopteddefinitionof anextremeevent.

Sessior2 revolved aroundthe Lorenzdiagrammeshawing forecasterror growth andintrinsic error
growth determinedfrom laggedforecasts. Martin Ehrendorfershaved latestresultsfrom Adrian

Simmons(ECMWEF). The error doubling time for 500 hPa height decreasedo a value of about
1.5 daysin the early 90’s and stayedaroundthis level since. AndersPerssorpointedout that the

errorgrowth is linked to the actity of the model. Underactve (overactve) modelsare expectedto

exhibit alarger(smaller)errordoublingtime. Error doublingtimesfor otheroperationamodelswere
notknown. The conceptof anerrordoublingtime wasquestionedsthe growth curve deviatesfrom

anexponentialat smallforecastranges.Anotherimportantaspecthat deseresattentionis the case
to casevariability of the predictabilitytime scale.For mary applicationsanaveragevalueover mary

casesnaybeirrelevant.

In sessior3, it wasnotedthat errorswith very differentspatialscalescausesimilar forecasterrors
(in spectralspace)at a forecastleadtime of > 3 days. However, it seemdifficult to disentangle
the contribution of error at differentscalesasary large scaleerrorwill causesmall scaleerrorsby
adwectionerrorsof small scalefeatures.Errorsare often geographicallyiocalizedwhich is missed
by the spectraldescription.Isla Gilmour presentedvidencefrom §#-statisticsthat the error growth
becomesonlinearalreadyat the 1 day rangein localizedregions. Furthermorejt wasdiscussed
whetherthereis a generaldefinition of a limit of predictability The rangeof forecasttimesover
which a forecastwill be usefulis userdependentlf the forecastcontainsthe sameinformationas
climatologyit will beuselesgor everybody

In sessiort, thediscussiorabouta linear phaseof errorgrowth wascontinued.Thereseemso bea
paradoxegardingtheapparensuccessf targetingobsenations.Nonlinearityof perturbatiorgrowth
is expectedto beimportantalreadyafter 1 dayaccordingto Isla Gilmour’s results.Currenttargeting
approachesssumdinear perturbationgrowth over a typical rangeof 2 days. It was speculated
whetherthe linear approximationmay be still usefulto describeerror growth evenif error growth
becomesonlinear

Thediscussiorof sessiorb covereddifferentattemptdo estimatenodelerrorandtheir shortcomings
(drift vectors,initial tendeng errors, deviation of model climate from obsenred climate). Lenry
Smithremarkedhattheattempto seperatenodelerrorfrom initial conditionerroris linearreasoning
asabettermodelresultsin smallerinitial conditionerrorvia thefirst guesdieldswhichbecomemore
accurateTheinability to find ashadaeving trajectorysetsalimit to 4dvarassimilatiorperiods(Lenry
Smith) but is not necessarilya proofthata shadeving trajectorydoesnot exist asthe searchmayfail
dueto anincreasinglycomplex topographyof the costfunctionwhenthe periodis extended(Martin
Leutbecher).



In sessiorG, it wasrecommendedo formulateas appropriategoal to supply useful (probabilistic)
forecastgatherthanreliableforecasts.In session/, AndersPerssorstressedhe role of datamon-
itoring: forecastbustsmay be dueto lack of obsenations,but alsodueto erroneousobsenations
acceptedn theassimilation.OSSEswvereseenasa methodto identify critical gapsin the observing
system A joint projectof NCEP/NASA wasmentionedfhataimsatverifying an OSSEsystem.

Mel Shapiroshovedfieldssubjectvely analysedrom soundingdataat a spatialresolutionof 30 km
obtainedduring recentfield experimentsover the Pacific. Thereis evidencefor a large error of
representatenessand considerablaleviation from geostrophidbalance. Craig Bishop suggested
thattheerrorof representatienesss large nearfeaturessuchasfronts.

Dave Baumhefneshavedresultsof numericalexperimentswith ensemblethatassesthefeasibility
of targetingobsenationsin the nonlinearregime of perturbationgrowth. Two ensemblesrecom-
paredthat areidenticalin the initial perturbationsxceptin a localizedregion. In this region the
initial erroris setto zeroin oneensembleThelocal improvementof theinitial conditionsresultsin
increasecdertaintythatmovesdownstreantut later (after 3 days)alsoregionswith increasedincer
tainty appear At arangeof 5 days,regionswith increasedincertaintycover aboutthe sameareaas
regionswith reduceduncertainty

Thorpex Planning M eeting: The purposeof the THORPEXmeetingwasto initiate the preparation
of ascienceplanfor the project. The 2 day meetingwascomposeaf a seriesof shortpresentations
anddiscussionghat contributedscientificissuesrelevantfor THORPEX. The meetingwaschaired

by Bob Gall andAlan Thorpe.

Dave Baumhefnepresentedhe assessmermf locally improving theinitial conditionsusingensem-
bles (seeabove). In the discussionChris Sryder suggestedh stratgy that optimally reducesthe
uncertaintyof the analysisto improve the skill for several forecastrangesanddifferentverification
regions. Geoge Kiladis spokeaboutthe tropical extratropicalinteractionin the Pacific wave guide.
In thediscussionnumericalexperimentsvereproposedo assesgheimpactof moisturein the I TCZ
on subsequentiownstreamdevelopment. Cliff Masspresentedan evaluationof differentanalyses
basedon comparisorwith obsenations. Nang/ Bakerspokeaboutthe sensitvity to obsenations.
High valuesof sensitvity indicatea large sensitvity to obsenationalerror. Therefore jntermediate
valuesof the sensitvity arepreferable.An objectve methodto determinethe optimalintermediate
valuehasyetto be determined.Martin Leutbecheipresentedesultson obsenationtargetingbased
on singularvectors. In the discussionChris Snyder proposedo distribute the obsenationsalsoin
time. (possibletechniquesPhil Merrilees: partially evolved singularvectors;Craig Bishop: com-
bination of EnsembleTransformKalman Filter and singularvectors). Zoltan Toth shaved results
from the WSRP experiments. Chris Sryder proposedresearclon ensemblekalmanfiltering. He
estimatedhata testwith anoperationaimodelis possiblewith moderateessourcegin contactwith
Jef AndersorandCraig Bishop).

FrancoisGerardspokeaboutthe EUCOSperspectie. Nationalweatherservicesn Europeare pri-
marily interestedn upgradef the observingnetworkthat leadto improvementsof the European
forecastin therangeup to threedays.He shaved plansto increaseéhe numberof automatedsound-
ings releasedrom cago shipsto about25 per day on the Atlantic. The aim is to concentrateéhe
soundingsn regionsthatarelikely to be sensitve usingseasonallyveragedadjointsensitvities. Jim
Purdomsketchedjualitiesof currentandfuturesatelliteobservingsystemsPhil Merriles pointedout



that THORPEXmay beanopportunityto comparesatelliteobsenationswith in situ obsenationsto

learnmoreabouttheerrorcharacteristicsf the differentinstrumentover theoceansThierry Pulpin

presentedhe developmentof an active driftsondewhich could be steeredby changingthe level of

the balloonexploiting directionalwind shear The platformwould be availablein 2005. Currentlyit

is plannedto obsere around10 casedn a 3 monthperiodwith up to 5 balloonsoperatingin each
case. The positionandfrequeny of the dropscould be influenced. Hal Cole gave an overview of

the driftsondedevelopedjointly by NCAR/ATD andVaisala. Testflights arescheduledor August
2001from Tillanook, OregonandSeptembeR001from Hawai. Thefrequeng of thedropscouldbe
influenced. RolandStull presentedhe rocketsondeproject. With this system,soundingswould be
obtainedin the eastPacific twice daily at a horizontalspacingof about900km. Tad McGeerspoke
aboutprogressn the developmentof the aerosondeThe rangeof this platform could be improved
by launchingit from ships. The quality of wind velocity measurementsbtainedwith this platform
wasquestionedy Mel Shapiro.Eachwind velocity measuremenequiresto fly anS-shapedrack.
Mel Shapiropresentedexamplesof unbalancednotion and large small scalevariability obsered
overthePacific (seeabove). He ervisagedhatfuture spaceborneLasercouldprovide accuratecloud
top heights,which could be usedto improve the accurag of the heightassignmenbf cloud motion
winds. In the discussiorZoltan Toth mentionedthat NCEPis working on accountingfor the hori-

zontaldrift of radiosonde# the assimilationsystem(the horizontaldrift canbe aslargeas200km

in the stratosphere).

RogerPielkefacilitateda discussioron the verification of the impact. Kerry Emanualproposedo
usea standarccost-benefiainalysiso optimizethe observingnetwork.

DRI predictability meeting, MIT: The DRI meetingfocussedon the themes(i) perspecties of

predictability (ii) ensembldorecastingand (iii) dataassimilation. In session(i), RogerSamelson
spokeaboutFloquetvectorsand Lyapunw vectorsand PrashantSardeshmukipresented linear

stochastiwiew of climatevariability andpredictability In sessior(ii), Tim Palmerillustratedaspects
of ensembldorecastingor theatmospherevith resultsirom ECMWEFE Denry Kirwan shavedresults
from ensemblesf Lagrangiarcharacterizationsf theocearsurfacelow. In sessior{iii), RonErrico

andAndrew Bennettspokeaboutdataassimilationwith an emphasin the atmospher@andocean,
respectiely.

In the complementaryostersession presentedirst resultson Hessiansingularvectorscomputed
for differentmodificationsof the observingnetwork. | discussedvith CarolyneReynoldsandCraig

Bishopwhetherthe singularvaluespectrafor the differentobservingnetworkswould be a measure
of the expectedforecasterror. And how this presumedink could be investigatedvia datadenial

experiments.



TRAVEL COMPLETED

Table: Summary of visits conducted under thisVSP.

PersorVisited | Position Inst./Conf. | Location S/T Purpose Dates

Rolf Langland | Scientist NRL Monterey CA | pred.workshop | 04/23-25/01

Rolf Langland | Scientist THORPEX | Montergy CA | meeting 04/26-27/01

ScottSandgate DRI Manager| ONR/DRI BostonMA workshop 05/03-04/01
RESULTS

predictability workshop Monterey: Viewsaboutourcurrentunderstandingf fundamentaissuesn
predictabilityof theatmospheravereexchangedAreasin which we lack knowledgewereidentified:
characterizationf the slow manifold; relevanceof nonlinearityfor forecasterrorgrowth in theearly
range;identificationof modelerror/its relevance/its representatiomn probabilisticforecasts;the
characterizatiolof analysiserrors.

THORPEX meeting: The mainaim of THORPEX appeardo be the evaluationof an upgradeof
theroutineobservingnetwork. The statusof differentcandidateobservingplatformsfor thisupgrade
waspresentedT heobjective in forecastskill improvementervisagedoy the US communityis broad
(hemisphericup to 10 days). Demandsat the nationalweatherservicesn Europearemorespecific
(improvementfor Europein therangeup to 3 days).Supplementarjn situ obsenationsmayalsobe
usedto characterizéackground/analysisrrors,studyerrorsof satelliteinstrumentver theoceans.

DRI predictability meeting: Themutualunderstandingf thescientificissuesonwhichthedifferent
groupsin the DRI work wasimproved.

IMPACT/APPLICATIONS

Resultsof work that Tim Palmerand| presentedt the DRI workshopaboutsingularvectorscom-

putedwith Hessianmetric receved greatinterest. Furtherexperimentswill be setup to address
guestiongaisedatthe meeting( spatialresolutionfole of backgrounderrorcovariancesstructureof

singularvectorsin othercases)

Mel Shapiroandl considerto collaborateon studyingtheimpactof representatienesserrorof drop-
sondeobsenationsusingexisting datasetswith closelyspacedsoundings.

TRANSITIONS

Improvementsin predictingthe weatherare desirablefor a variety of applications. Researchon
predictability enableso definerealistic goalsfor weatherforecasting. Intelligent upgradeof the
observingnetworkmay be anefficient way to achievse certainforecastingobjectves.

RELATED PROJECTS

TheHemispheridObservingSystemResearctandPredictabilityExperimen{ THORPEX,
www.nrimry.navy.mil/“langland/ THORPEXdocument/Thorpe plan.htm)



